Abstract Multiple reports have demonstrated the efficacy of endoscopic dacryocystorhinostomy (DCR). However the results of the same have varied from centre to centre. Many still regard external DCR as the gold standard. To describe an endoscopic DCR technique which anatomically simulates an external DCR and assess its results. Prospective, nonrandomized and noncomparative interventional case series. Clinical charts of patients with nasolacrimal duct obstruction based on symptomatic, clinical and radiological basis were included in the study. All surgeries were done endonasally using standard operative technique. The modification in the standard technique included creating a wide exposure of the lacrimal sac, incising the sac and the suturing the medial wall of the lacrimal sac with the lateral nasal wall. The same was achieved by using either vascular clips or 5.0 vicryl sutures. Twenty (11 females and 9 males) were included in the study. The average age of the patients was 56.86 years old (range 27-85 years old). The main presenting symptom was epiphora and 1 patient with mucocele. Successful outcome was measured in terms of relief of sympto anatomical patency assessed by sac syringing and nasal endoscopy showing a wide patent lumen. A primary success rate of 95% and ultimate rate of 100% was achieved in the cases with a nasolacrimal duct (NLD) block while an overall success rate of 82.6% was noted when the cases with NLD block and common canalicular block were considered together. Endoscopic DCR can now easily replace external DCR as a standard. It is not only minimally invasive, but has minimal complications and using this technique, we have been able to achieve very high success rates.
Introduction
The surgery of dacryocystorhinostomy (DCR) is over 100 years old [1] . Caldwell [2] reported the first intranasal approach at the start of the last century and around the same time Toti [1] described the external approach. Due to difficulties in viewing the intranasal anatomy in those times, external approach was adopted by most ophthalmologists.
McDonough and Meiring [3] described the first endoscopic endonasal DCR in 1989, and since then it has gained popularity among otolaryngologist trained in endoscopic sinus surgery. However the debate between external and endoscopic approach still continues.
Endoscopic approach has had its problems like false localization of the lacrimal sac, granulation tissue formation around the stent tubes, retained bony spicules, inadequate removal of the medial wall of the sac and synechia between the lateral wall and the middle turbinate [4] .
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Patency of rhinostomy site depends on approximation of cut edges of nasal and lacrimal sac mucosa. Without suturing, it is difficult to predict the pattern of approximation [5] . If lacrimal to lacrimal or nasal to nasal approximation occur, the rhinostomy will be closed [5] .
Tsirbas and Wormald [1] described a technique of creating an H shaped incision on the sac wall and a U shaped lateral nasal flap. These flaps were apposited to each other with the help stents.
We present our experience of suturing lateral nasal wall mucosa with the medial sac wall.
Methods
All patients undergoing DCR from June 2006 to November 2009 were included in the study. The preoperative evaluation included ophthalmologic assessment, sac syringing and dacyrocystogram/dacroscintigraphy in case of revision surgeries.
A total of 20 patients underwent 23 endoscopic DCRs. All surgeries were performed by the same surgeon. Eleven patients had left DCR, six had right DCR and three had bilateral DCR. There were 11 females and 9 males in the study.
Surgical technique
All the procedures were performed under general anesthesia. The nose was initially decongested with 1:10,000 adrenaline neurosurgical cottoniod patties. The lateral wall of the nose and head of the middle turbinate was infiltrated with 2% lignocaine with 1:80,000 adrenaline. A 0 degree endoscope was used with a camera.
A scalpel is used to cut a mucosal flap starting 8 mm above the axilla of the middle turbinate, which then brought down anterior to the axilla for 8 mm. The flap is then elevated with the help of freer elevator. This posteriorly based elevated mucosal flap is then reposited on the middle turbinate. Placing the mucosal flap on the middle turbinate prevents any damage on the middle turbinate during instrumentation thereby protecting against adhesions with the lateral nasal wall in the postoperative period (Figs. 1, 2) .
The frontal process of the maxilla and the lacrimal bone is punched out using a kerrison's bone punch (Fig. 3) . It is important to get a good exposure of the sac, especially superiorly where one needs to remove the frontal process of the maxilla and we have had to use drill occasionally when the bone was very thick (Fig. 4) .
The size of the osteotomy should be at least 20 9 15 mm so as to expose the inferior and superior parts of the sac [7] (Fig. 5) . The medial wall of the sac is then tented with a Bowmans probe passed through the inferior canaliculus ( Fig. 6) . A small amount of saline is infiltrated into the wall of the sac. A vertical incision is then taken on the sac wall as anterior as possible. The incision is extended horizontally both inferiorly and superiorly to make a posteriorly based flap. This marsupilzes the entire sac and the bowman's probe is clearly visualized. The mucosal flap is then trimmed in such a way that the edges of the flap approximates. A 5.0 vicryl or vascular clips are then taken to put the mucosal flap and the medial sac wall together (Fig. 7) .
A neurosurgical cottoniod soaked with mitomycin C at 0.5 mg/ml is then placed at the osteotomy site for 3 min. The area is then irrigated with saline. No nasal tamponade is used.
Results
A total of 20 patients (11 females and 9 males) were included in the study. The average age of the patients was 56.86 years old (range 27-85 years old). The main presenting symptom was epiphora (19 patients) and epiphora with mucocele in 1 patient. The average follow-up period varied from 4 to 41 months, with an average of 10.8 months. Among the 20 patients, 10 patients had a left sided nasolacrimal duct (NLD) obstruction, 6 had a right NLD obstruction, 2 had bilateral NLD obstruction, 1 had a bilateral common canalicular block and 1 patient had a unilateral common canalicular block. Successful surgical outcome was measured in terms of relief of sympto anatomical patency assessed by sac syringing and nasal endoscopy showing a wide patent lumen.
A total of 20 endoscopic DCRs were performed in the 18 patients with NLD block. Suturing with 5.0 vicryl was done in 18 DCRs and a vascular clip was used in two DCRs to put the mucosal flap and the medial sac wall together.
Of the 20 endoscopic DCRs performed in the patients with NLD block, primary surgical success was demonstrated in 95% cases (19 out of 20). One patient had persistent epiphora due to a granuloma obstructing the neo-ostium (mentioned above). Following removal of the granuloma in this patient, there was complete resolution of symptoms with a patent lacrimal neo-ostium. Thus, ultimately a successful surgical outcome was seen in all 20 cases (100%) with NLD block.
The two patients with common canalicular block (bilateral = 1, unilateral 1) had persistent epiphora at 4 and 5 months post-op respectively. In the patient with bilateral common canalicular block, a granuloma was found obstructing the left lacrimal neo-ostium (wherein a ligaclip had been used). Thus, ultimately a successful surgical outcome was seen in 20 out of 23 cases overall (86.96%) (Figs. 8, 9 ).
Discussion
Ever since endoscopic DCR was popularized in the 90's, there has been constant debate between the two approach and constructive skeptism from ophthalmologist that endoscopic DCR are not as successful as external DCR. With this article we hope to resolve some of the issues.
Dacryocystorhinostomy has been classified as external and endoscopic. The later has been further sub classified as laser assisted DCR, endocanalicular laser assisted DCR and mechanical endonasal DCR with drills or without drills [1] . The other important aspect of lacrimal surgery is how we measure our success, so as to compare outcomes of different approaches. The Royal College of Opthalmologist (1999) published guidelines for clinical governance suggesting that freedom from epiphora 3 months after surgery is marker for satisfactory procedure [6] .
Leong et al. [7] have reported a success rate of 94% for external DCR as compared to 86% for endoscopic DCR, thereby concluding that external DCR offers better outcomes than endoscopic. However endoscopic DCR are associated with far fewer complication.
In effect any new technique must compare favourably to external DCR which having been present for 100 years must be regarded as the gold standard. The reported success rate of external DCR have varied but have often been reported as over 90% in many specialist lacrimal units [8, 9] .
Tsirbas and Wormald [1] in their article have shown a new technique in endonasal DCR. They emphasize on preservation of nasal mucosa and creation of a flap anastomosis. The general principle of creating a mucosa lined fistula, vital in external DCR was emulated in the new method. We went ahead from there and actually sutured or put vascular clips. This obliviated the need to put a stent to support the opening. In our initial cases we used 5.0 vicryl more often, but now with our experience with vascular clips and the ease of using it, we prefer the same.
Jin et al. [10] experienced success of over 96% in their technique of endoscopic DCR. Their technique was creating a large epithelialized fistula, thereby potentially minimizing the formation of granulation tissue and synechia.
The role of mitomycin [11] [12] [13] [14] has been supported in a large number of articles. Mitomycin C is an antiproliferative agent, prevents postoperative adhesions and scarring. We tended to use mitomycin C in almost all our cases .
In the article by Onerci et al. [4] they have studied the causes of failure of endoscopic DCR. These include false localization of lacrimal sac, granulation tissue formation around tubes, retained bony spicules, inadequate removal of medial wall of the sac and synechia between lateral wall and the middle turbinate. Apart from the above cheese wiring has been a problem use of stents [5] .
Finally the advantages of endoscopic DCR are as follows: (1) it is less traumatic and has shorter hospital stay, (2) no disruption of medial canthal ligament,and consequently enables preservation of lacrimal pump function, (3) a facial scar avoided, (4) access to the sac directly through the lacrimal bone, avoiding double side dissection of the sac. The disadvantages are the surgical field may be limited because of bleeding and there is occasional need for septoplasty for more space and postoperative evaluation.
There also appears to be increased likelihood of granulation tissue formation, resulting in stenosis [11] .
In all our cases we took special care to create a good exposure and removing all the bony spicules. By avoiding the use of stents we prevented granulation tissue formation around the tubes. Unlu et al. [15] evaluated the long term role of intubation in endoscopic DCR and they did not find it particularly advantageous. Creating well mucosalized surfaces prevented synechia formation and contraction of the opening.
Conclusion
Over the last decade there has been lot of criticism over the long term results of endoscopic DCR. Here we describe a technique based on surgical principles similar to that of an external DCR along with the added advantage of endonasal approach.
